We consider the Abelian Higgs model as well as the SU(2) Georgi-Glashow model in which the gauge field action is replaced by a non linear Born-Infeld action. We study soliton solutions arising in these models, namely the vortex and monopole solutions, respectively. We construct formulas which provide good approximations for the mass of the Born-Infeld deformed solitons using only the data of the undeformed solutions. The results obtained indicate that in the self-dual limit, the Born-Infeld interaction leads to bound vortices, while for monopoles it gives rise to repulsion.
where D µ = ∂ µ − ieA µ , A µ is the U(1) gauge potential with coupling e and Φ is a complex Higgs field with vacuum expectation value v and self-coupling constant λ. This model has soliton solutions, namely the Nielsen-Olesen vortices [9] and n-soliton solutions can be constructed with an appropriate axially symmetric ansatz :
The self-dual case is given for α = e 2 λ = 2. In the Born-Infeld version of this theory [7] , the part of the Lagrangian containing the Maxwell field strength tensor F µν is replaced by the corresponding Born-Infeld (BI) expression with BI coupling β :
For β 2 >> 1, the square root can be evaluated as follows:
For β 2 → ∞, the standard expression of the U(1) theory on the lhs of (3) is recovered. In the limit of static and purely magnetic solutions, the part containing the dual field strength tensorF µν vanishes.
In this paper, we are interested in static, finite energy solutions of the full BI equations with classical mass denoted by M bi (β 2 ). Using (4), we obtain the following approximation for this mass :
Both, the mass of the standard soliton M 0 and the field strength tensors F (0)jk are computed from the standard equations. In other words, we approximate the mass of the BI-soliton by the β −2 -correction of the BI Lagrangian density using only the solution data of the standard U(1) theory.
For the self-dual case, the first order equations read:
In this limit, the mass M 0 of the Nielsen-Olesen vortex and the correction ∆ bi are given as follows :
and
where x is a dimensionless coordinate x = evρ and the prime denotes the derivative with respect to x. With the choice of coordinates, the mass per winding number of the n-soliton solution in the self-dual case is given by
). Evaluating the correction integral numerically, we obtain ∆ bi (n = 1) ≈ 0.0118 and ∆ bi (n = 2)/n ≈ 0.02037. In the table below, we compare the masses per winding number obtained with this correction and the masses per winding number M bi (β 2 )(n)/n computed in [7] with the full equations. (4) is not valid anylonger and higher order terms have to be taken into account.
The quality of this approximation for large β 2 also provides a good estimation for the difference between the energy per winding number of the n = 1 and the n = 2 vortex :
This clearly confirms the results in [7] , especially that the Born-Infeld interaction stabilizes the axially symmetric 2-vortex solution for α = 2.
III. THE GEORGI-GLASHOW MODEL
The Lagrangian of the SU(2) Yang-Mills-Higgs theory with the Higgs field in the adjoint representation (the so-called Georgi-Glashow model) reads:
where the field strength tensor F a µν and the covariant derivative of the Higgs field D µ Φ a are given as follows:
The soliton solutions of this model are magnetic monopoles [10] .
A. Spherically symmetric monopoles
For the gauge and Higgs fields, we use the purely magnetic hedgehog ansatz (a = 1, 2, 3) [10] :
The spherically symmetric n = 1 Born-Infeld monopoles were constructed in [8] both by using the ordinary and the symmetrized trace. It was found that for large values of the Born-Infeld coupling β 2 , the profiles of the functions don't differ significantly from those of the 't Hooft-Polyakov monopole. Equally, the mass only depends slightly on β 2 . It was found, however, that the falloff of the Higgs field in the limit of vanishing Higgs coupling now is given by c(β 2 )/r, where c is a constant depending on β 2 with c = 1 in the limit β 2 → ∞. For the ordinary trace model, a critical value of β 2 was found, β For a similar approximation as in (5), we expand the ordinary trace version of the nonabelian Born-Infeld (NBI) model. This is a straightfoward generalisation of (4) replacing
We also give the first term in the approximation of the symmetrized trace version using the results of [4] .
In the case of spherically symmetric solutions in the BPS limit, the first order (self-dual) differential equations read:
In the BPS limit, the non-abelian counterparts to the integrals (7) and (8) read :
for the ordinary trace denoted by tr, and
for the symmetrized trace denoted by Str. The mass M 0 is given in unit of 4π . The reason why we don't give the numbers for β 2 = 0.5 in the symmetrized trace version is that we couldn't integrate the equations for β 2 < 0.6. This leaves us with the assumption that for the equations derived from the symmetrized trace Lagrangian involving terms up to order β −2 a β 2 cr also exists and that in the case studied here β 2 cr ≈ 0.6. However, further investigation of this is out of the aim of this paper.
B. Axially symmetric monopoles
The axially symmetric Ansatz is given by [13] :
and for the Higgs field the ansatz reads 
For H 1 = H 3 = Φ 2 = 0, H 2 = H 4 = K(r), Φ 1 = H(r) and n = 1, the Ansatz (12), (13) for the 't Hooft-Polyakov monopole [10] is recovered. It would be interesting to construct the Born-Infeld n = 2-monopole and compare its mass with the one of the n = 1 BI-monopole [8] as well as with the standard n = 2-monopole [13, 14] . This can be done only by using the full axially symmetric ansatz (18), (19). The occurence of non-polynomial terms in the Born-Infeld action leads to the fact that the corresponding partial differential equations are not manifestly elliptic (-mixed derivatives of the fields are unavoidable-). The numerical integration seems to be very involved and is left for future work. However, encouraged by the results described above, we propose an estimation for the energy of the n = 2-axially symmetric Born-Infeld monopole. For the n = 2 monopole, the relevant integrals in the BPS limit read:
We derive the expression for ∆ Str bi in the case of axially symmetric monopoles in the Appendix.
We find (1/n)∆ tr bi = (1/2)∆ tr bi ≈ 0.00303. With this approximation, the difference between the mass per winding number of the n = 1 and the n = 2 monopole in the BPS limit is given by :
Note that with our choice of coordinates, the mass per winding number of the BPS monopoles is given by M 0 n = 1. If we rely on the approximation (5) and extend it to the case of multimonopoles, the above result indicates that the Born-Infeld interaction leads to repulsion of like-charged monopoles. To have further indication, we computed the integral (22) with the axially symmetric Ansatz [14] for winding number up to n = 7. The values are given below: Clearly, with increasing winding number n the strength of repulsion increases. Plotting the above numbers over n gives a smooth curve. This makes us confident that the results obtained are not numerical errors. Of course, the hypothesis of repelling BI monopoles strongly relies on the agreement found in the Abelian Higgs model and in the GeorgiGlashow model for the n = 1 monopoles. A direct numerical analysis of the equations is definitely called for.
IV. CONCLUSIONS
In this paper, we have studied an approximation for the Born-Infeld term both in the abelian as well as in the non-abelian Higgs model. In the abelian Higgs model, we find that inserting the data of the standard (i.e. undeformed) Nielsen-Olesen vortex in the β −2 -correction we obtain a very good approximation for the mass of BI vortices. For the n = 1 monopoles arising in the Georgi-Glashow model this is also true for both the ordinary trace as well as the symmetrized trace version. Using these results, we compute the difference between the mass per winding number of the n = 1 and the n = 2 monopole, respectively. Our results suggest that the Born-Infeld interaction leads to repulsion between like charged monopoles.
V. APPENDIX ∆ Str bi for axially symmetric monopoles We expand the field strength tensor with respect to the Pauli matrices τ n λ , λ = x, θ, ϕ (see (18)) :
The non-vanishing coefficients F (λ) µν read [15] :
νµ . Thus the first correction of the symmetrized trace version of the theory is given by : 
